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The tufB gene cncoding elongation factor Tu (EF-Tu) of T/I~IWIUS hermophitus HB8 was cloned and expressed. Compared with the known rufA 
gene of T. thermuphifus, nucleotide differences were found at 10 positions out of 1221 nucleotides, and amino acid substitutions were found at 
4 positions out of 406 amino acids. The tu/B product was 70.9% homologous to the corresponding sequence of the lujE product of E. coli. The 
G i-C content of the third base of the codon in the ru@ gene was 84.856 and G was especially preferred in this position. 
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1. INTRODUCTION 
Elongation factor Tu (EF-Tu) which is one of the 
most important GTP-binding proteins that mediates the 
binding of aminoacyi-tRNA to the A site of ribosomes. 
EF-Tu of E. coli is encoded by two genes, trrfA and 
fufB, which are closely related to each other [l-3]. Dif- 
ferences in the nucleotide sequences between the tufA 
and tufl3 genes are found at 13 positions out of 1185 
nucleotides and the gene products, EF-TuA and EF- 
TUB, are identical except for one amino acid residue at 
the COOH-terminal. Recently, two tuf genes of T. ther- 
mophilus HB8 have also been identified by cross- 
hybridization with the tufA gene of E. co/i, and one of 
the tuf genes, tufA, has been cloned [4]. In the tufA 
product, an additional peptide segment, Met’g3-GIy192, 
which consists predominantly of basic amino acids was 
found. 
In this report, we describe the molecular cloning and 
sequence determination of the tufB gene. We also 
describe the expression of the gene in E. coli with the T7 
expression system. 
2. MATERIALS AND METHODS 
2.1 I Ctorrhg procedures 
The /I@ gcnc of T. rhernropkitus is involved in a 4.5-kb &altrHl 
fragment of chromosomal DNA as described 141. The fmgmcnts wcrc 
tun on a 0.7% agurosc gel and the 4-kb to 5.kb fragments wcrc’ 
clcctro-cluted. The fragments were then ligated to BUMHI-digcstcd 
pUR322, and transformed into E. co/i HBIOI. The transformants 
wcrc scrccncd by colony hybridization with the Hi~~cll-A’~~~rl 0.9.kb 
fragment of the plnrmid pHIITU3 I [4], which contains the tr~fjl ycnc 
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of T. ~hermopttihrs, as a probe. The fragment corresponds to the 
nucleotide sequence of 95 to 1017 of rhe rufA gene. Two positive col- 
onies were obtained by colony hybridization. The plasmid DNA was 
isolated from the positive colony and was designated as pTUB322. 
The complete nucleotide sequence of both strands of the tufB gene 
was determined using 7-deaza-sequenase kit (United States 
Biochemical Corporation). 
2.2. Expression of Ihe T. thermophilus tufB genre 
The iufB gene was cloned in an expression vector pAR2106 under 
control of the phage T7 promoter [5] as described below. The plasmid 
pTUB322 was digested with SacI, and a 1.5-kb Sac1 fragment concain- 
ing the /@gene was subcloned into SacI-digested M13mpl9. A Ndel 
site was introduced at the beginning of the tu@ gene by site-directed 
mutagenesis. The plasmid then was digested with Nrlel and Hind111 
and the fragment purified by agarose gel electrophoresis was ligated 
into the Ndel - Hirldlll site of the T7 expression vector pAR2106. 
The plasmid, designated as pTS2, was transformed into E. co/i BL21 
(DE3) [G]. The cells were cultured in YT medium with 0.13 mM am- 
picillin and induced by the addition of 0.5 mM isopropyl p-D- 
thiogalactopyranosidc (IPTG). After 2.5 h of incubation, the cells 
were harvested and the lysatcs were analyzed by 12.5% SDS- 
polyacryJamidc gel electrophoresis (SDS-PAGE). 
2.3. G TP-biudirrg experhenrs 
The proteins separated by 12.5% SDS-PAGE were clectroblotted 
onto nitrocellulost and the filters were prcincubated in a buffer con- 
taining 50 mM sodium phosphate (pH 7.5), 0.5 mM MgCl2, 100 mM 
NaCt and bovine serum albumin (I mg/ml) overnight at 4°C. The 
filters were incubated in a buffer containing 50 mM Tris-HCI (pH 
7.5), 5 mM MgClz, and 0.3% Twecn-2Owirh (n-3’P]GTP (0.74 MBqf 
for 90 min at room temperature and then were washed three times in 
the snmc buffer, air-dried, and cxposcd to film 171. 
3. RESULTS AND DISCUSSION 
The 4.5-kb BarnHI fragment of T. thennophiltrs 
chromosomal DNA containing the tRNA-!lrfS operon 
and four tRNA genes followed by the r@3 gene has 
been reported before [8]. The nuclcotide scqucnce of 
the rufB gcnc and its flanking region arc shown in 
Fig. 1, Compared with the tfrfA gene, nucleotidc dif- 
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ferences were’ found in 10 positions out of 1221 
nucleotides and amino acid changes were found at 4 
positions out of 406 amino acids. The nucleotide se- 
quence of the tufB gene was 65.4Yo homologous and 
deduced amino acid sequence of the tufB gene product 
was 70.9@/% homologous to the corresponding sequences 
of the tufB gene and the product of E. co/i, respectively. 
The codon usage of the tufB gene was summarized in 
Table 1. The G + C content of T. thermophilus genomic 
DNA is 69070, which is extremely high in eubacteria. The 
overall G + C content of the tufB gene was 62.5010 and 
that of the third base of the codon was 84.8vo. As 
shown in Table II, G was especially preferred in the 
third base of the codon in the tufB gene as well as in the 
tufA gene. This feature differs from other genes [9-l 11, 
in which G and C are almost equally used in this posi- 
tion. Although high GC pressure was observed in the 
codons for almost all amino acid residues, U was excep- 
tionally preferred in the third base of the codon for Phe 
and Be residues in the tufB gene. Similar exceptions 
were found in the tufA gene. A possible reason for the 
unusual codon usage of Phe and Be is as follows. T. 
thermophi!w produces the restriction endonuclease 
TthHB81 of which the recognition sequence is TCGA. 
If UUC or AUC is used as the codon for Phe or Ile, the 
TCGA sequence will appear; for instance, TTCGAN 
encoding Phe-Asp or Glu and ATCGAN encoding Ile- 
Asp or Glu (N = A, G, C and T). In such a case, UUU 
and AUU in the codon for Phe and Ile should be 
C 
Fig. I. The nucleotide sequence of the lufs gene of T. thentrophihrs 
and the deduced amino acid sequence. The reading frame starts at 
ATG (position 1) and tcrminatcs at TAA (position 1221). Nucleotide 
differences between the 1ufB and IufA [4] genes and amino acid 
changes are indicated. 
Table I 
Codon usage in the fu/B gene of 7. ~ltenrmphilrts. The numbers in parentheses represent codon usage in the fr(fB gene of E. co/i [3] 
( 1) CYS 
( 9) 
( 1) Ter 
(-) Trtr 
UGU 
UGC 
UGA 
UGG 
1 ( 1) 
( 2) 
t-1 
( 1) 
(20) 
( 3) 
(-) 
(-) 
(‘;; 
(-) 
(-) 
(19) 
(20) 
(-) 
( 1) 
Phe 
Lcu 
uuu 
uuc 
UUA 
UUG 
II 
2 
II 
( I) Ser 
(13) 
(-) 
(-) 
( I) Pro 
(-) 
(-) 
(27) 
ucu 
ucc 
UCA 
UCG 
( 7) Tyr 
I ( 3) 
- (-) Ter 
3 (-) 
UAU I 
UAC 9 
UAA 1 
UAG - 2 
CGU 
CGC 
CGA 
CGG 
ecu G (-) His 
ccc 2 (--) 
CCA ( I) Gin 
CCG IS (1% 
CAU - ( 2) Au 
CAC 12 ( 9) 
CAA - t-1 
CAG 9 ( 8) 
ACU (12) Asn AAU 3 (-) Scr 
ACC 3 (15) AAC 8 ( 7) 
ACA ( 2) LYS AAA - (17) Ary 
ACG 29 ( 1) AAG 21 ( 6) 
Lcu cuu 
cut 
CUA 
CUG 
5 
1 
10 
AGU 
AGC 
AGA 
AGG 
lb2 AUU 
AUC 
AUA 
Met AUG 
14 
8 
I2 
( 3) Thr 
(24) 
(-) 
(LO) 
GAU - ( 4) GUY 
GAC 24 (20) 
GAA - (30) 
GAG 37 ( 7) 
GGU 8 
GGC 6 
GGA I 
GGG 24 
Vill GUU 3 
GUC 2 
GUA I 
GUG 45 
(22) Ah 
( I) 
(11) 
( 3) 
GCU 2 (II) Asp 
GCC 5 ( 1) 
GCh ( 6) Glu 
KG 20 ( 9) 
99 
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Table II 
Nucleotide compositions of the third base of the codon in 7. ther- 
mophilus genes [4,9,10,1 I] (%) 
rufA 
1llfB 
led 
IPPE 
rrpc2 
rpsL 
rpSG 
IUS 
A G C U 
0.5 63.6 20.9 15.0 
0.5 63.9 20.9 14.7 
5.3 46.1 43.0 5.6 
2.6 46.3 48.1 3.0 
3.5 43.1 49.0 4.4 
2.2 47.1 47.1 3.6 
3.2 48.4 45.9 2.5 
0.9 41.0 55.4 2.7 
preferentially used. This explanation is applicable to 4 
out of 25 cases for the use of UUU and AUU codons in 
the tufB gene. Major reasons for the unusual codon 
usage would be still hidden. 
The cell lysates of E. coli BL21 harbouring the 
plasmid pTS2 were analyzed by 12.5% SDS-PAGE as 
shown in Fig. 2A. Compared to non-induced cells 
(Fig. 2A, lane l), a major protein band of Mr 44000 
was produced in the presence of IPTG (Fig. 2A, Iahe 2). 
It is in good agreement with a calculated molecular 
weight of EF-Tu of T. thermophilus tufB gene (44 78 1 
Da). To determine GTP-binding ability of the expressed 
protein, nitrocellulose filters electroblotted with the cell 
lysates were hybridized with [w~~P]GTP. As indicated 
in Fig. 2B (lane 2), the expressed EF-Tu bound to label- 
ed GTP. 
Purification of the expressed EF-Tu is in progress. 
The present work will make it possible to investigate 
this interesting gene and protein further. 
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Fig. 2. Expression and GTP-binding experiments of the IUJB gene 
product. A. 12.5% SDS-PAGE of thecell lysates of E. co/i BL21 har- 
bouring pTS2. The extracts were prepared from cells that were in- 
cubated in the absence (lane I) and presence (lane 2) of IPTG. Lane 
M shows molecular weight markers. After electrophoresis the gel was 
stained with Coomassie brilliant blue. The protein marked by the ar- 
row was induced with IPTG. B. GTP-binding experiments. Cells har- 
bouring pTS2 were incubated in the absence (lane I) and presence 
(lane 2) of IPTG. After 12.5% SDS-PAGE of the cell lysates, filters 
electroblotted with proteins were hybridized with [rr-“P]GTP. The 
band in lane 2 shows the position of migration of the protein marked 
by the arrow in Fig. 2A. 
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